
Sources of Liqht

A luminous body produces its own light while an illuminated

body reflects light waves. An illuminated object does not

produce its own light. Luminous is a term derived from the

latin word - lumen, luminis - meaning light or opening.

Examples of luminous bodies are

F the sun and other stars

F an incandescent lamp,

F a fluorescent lamp,

F a candle,

F a television or a computer monitor, and

P a bioluminescent source, such as a firefly.

Examples of illuminated bodies are

F paintings, and pictures,

) day to day objects around us, and

F the planets and the moon
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We perceive the sensation of light when the light rays, or

photons, from either a luminous or an illuminated body

reaches the retina in our eyes.

However, our eyes have different sensitivities for different

wavelengths:

The physiology of our eyes also causes images to be

processed, and contrasts of intensity to be altered by the

neurons within the eye.
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When we consider the light emitted by a radiant source, not

all of the light is in the visible spectrum. The visible

spectrum is that part of the spectrum that we can perceive

with our eyes.

Therefore, we cannot trust our perception of light to provide

an accurate and universal measure of the intensity of light.

The measurement the energy of the entire spectrum of a

source is known as Radiometry. Typically you use an

instrument known as a Bolometer to measure all the energy

from a radiate source.

To measure the energy in the visible part of the spectrum of

a source is known as Photometry.

For this reason, we use electro-optical equipment and

measurements of light that are made in units based on

comparison with standard luminous sources.
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The standard source of light is a precision instrument that

uses platinum at its melting temperature to produce a well

defined amount of light - a well defined Luminous Flux.

The standard source is a blackbody emitter, and has a fixed

and definite aperture size and is held at a precise

temperature (the freezing point of liquid Platinum 2046 K):
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Stefan-Boltzmann Law

The principle behind the standard source is the Stefan-

Boltzmann law.

The Stefan-Boltzmann law: the rate (P) at which a

luminous object radiates energy is proportional to

the fourth power of the object's temperature in

degrees Kelvin (To). The rate is also proportional

to the area (A) of the object as well as the objects

emissivity (e).

The zero of the Kelvin temperature scale (K) is known as

"absolute zero" and is the temperature at which the thermal

motion of a gas is zera (Absolute zero is -273.15 
oC).

The Stefan-Boltzmann law is given by

P=soATa

where the rate P is in Watts, and o = 5.67 x 10-8 Wm2 Ko, is

known as the Stefan-Boltzmann constant.
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The emissivity of the object is a measure of how well an

object radiates compared to the perfect radiator a

blackbody ( 0 < e S1).

The spectrum of a blackbody source looks like this:
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Notice that the visible part of the spectrum is just a small

slice of the total spectrum.
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Light from a Primary Source

Most of the things we see when we look around do
not emit their own light. They are visible only
because they reemit part of the light that falls on them
from a primary source.

A primary source is something that generates it own
light such as the sun or a light, a lamp or candles.

The light that comes from a primary source is a
mixture of different colours, and has an intensity
distribution that is characteristic of its temperature.

Colour Temperature fC)
blue 20,000-50,000

bluish-white 1 1,000- 25,000
white 7,500 - 11,000

yellowish white 6,000 - 7,500
vellow 5,000 - 6,000
orange 3,500 - 5,000

red 2,000 - 3,500
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There is a simple relationship between the
temperature of a primary source and its peak colour
given by Wien's Displacement Law

Ar"*J=0.0028978mK

where the temperature T is in degrees Kelvin (the
temperature in degrees Celsius + 273).

For instance, the sun has a surface temperature of
6,000 degrees Kelvin and so its peak colour is at
around 500 nm (green-yellow).

A high temperature lamp will appear white, Iike the
overhead lamp we are using. ln fact the filament is so
hot it is producing a blue-white light, which includes
some soft UV light.

A lightening flash is so hot it can appear bluish-white
in colour.

The flame of a candle is at a much lower temperature
which is why it appears red or orange in colour.
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lncandescent Lamp

Take as an example for a luminous source a 100 W

incandescent light. The incandescent lamp works on the

principle of resistive heating of a thin tungsten wire

incandescent derives from the latin word candere "be white"

and implies that the filament is glowing white hot.

Tungsten has a very high melting temperature (around 3500

K) and so can be heated to a temperature of at least 3000 K.

lf we use Wien's Displacement Law we can calculate the

peak wavelength coming off a filament at 3000 K:

Arn"*T=0.002898mK

This means that the peak wavelength for the filament is

A'"* = 0.002898 m K / 3000 K = 0.966 pm

The peak wavelength is in the infrared (heat) part of the

spectrum.
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It is interesting to note that the incandescent lamp only

radiates 5 watts in the visible part of the spectrum; 95 o/o of

its energy is emitted in the infrared part of the spectrum. An

incandescent lamp, while being an efficient heating

instrument, is an inefficient lighting instrument.

Fluorescent Lamp

A fluorescent lamp, on the other hand is a far more efficient

source of light, however the energy loss in the ballast

(fluorescent lights require high voltages to function) tends to

affect the overall efficiency of the fluorescent light.

While the two are luminous sources there is a very large

difference between how light is produced in an incandescent

lamp and a fluorescent light.

A fluorescent Iamp first creates ultraviolet light by

bombarding a rarified gas with high energy electrons and

them uses a fluorescent material coated on the inside of the

tube (BeO) to convert the UV light into visible light.
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Luminous Flux

The rate at which light is emitted from a source is called the

luminous flux. The unit of luminous flux is the lumen (lm).

For instance, a 100 W incandescent lamp emits a luminous

flux of 1750 lm. This would be the total amount of light that

was being produced by the 100 W bulb and would include

light in the visible and the invisible parts of the spectrum.

Often we are not interested in the total amount of light from a

source but only the amount of illumination the source may

provide to a specific area.

This illumination falling onto a surface is

llluminance and is measured in units of lumens

metre. You sometimes see the unit of lux used

lumens per square metre: (1 lux = 1 lumens / m2).

called the

per square

instead of

6a**&L



Suppose, for instance, that the light from the 100 W bulb

was spread across the inside of a sphere of radius 1 metre,

then the illuminance of the sphere would be

175A lumen l(4 n) lumen permetre

or about 59.7 lumens per square metre.

The illumination from a point source decreases with

increasing distance by the inverse of the distance squared

lntensitY = 1/ (distance)2

The illumination from a line source or an area source has a

different distance relationship.

Most electro-optical equipment converts luminous flux or

illuminance into an electrical current which is then converted

into a measurement.

Some instruments like a thermographic camera or a charge

couple device (CCD) allows conversion of an image that

would normally be invisible into the visible spectrum.
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lndex of Refraction

When light that goes from one medium into another,

for example from air to glass, it changes speed.

The ratio of the speed of light in vacuum ( c ) to the

speed of light in the medium (v) is known as the index

of refraction (n) :

n = c/v
For instance,

invacuum n=1.00

in air n - 1.0003

inwater n=1.33

inglass n=1.52

in diamond n=2.42
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When light is incident on a surface separating two

medium in which the speed of light differs, part of the

light energy is transmitted and part is reflected.

Reflection

On a flat surface the angle of reflection equals the

angle of incidence:

0r=0i
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Refraction

When light that goes from one medium into another it

changes direction. This change in direction is known

as Refraction.

Snell's Law of Refraction

The angle of refraction depends on the angle of

incidence and on the indexes of refraction of the two

media and is given by Snell's Law of Refraction:

Ilr$ill 0r=n2Sin02

I
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Total lnternal Reflection

When light is traveling in a medium with an index of

refraction n r ond is incident on the boundary of a

second medium with a lower index of refraction n 2 ,

such that n 2 < n 1 the light is totally reflected if the

angle of incidence is greater than the critical angle

given by

Sin0"61 =t1 zlflr
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The speed of light

index of refraction

wavelength of light:

Dispersion

in a medium and therefore the

of that medium depends on the

an effect known as Dispersion.
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As a result of dispersion, a beam of white light is

dispersed into its component colours by a prism.

Similarly, the refraction and reflection of sunlight by

Raindrops produces a Rainbow.
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Dispersion

Dispersion is caused by the slight decrease in the

index of refraction n as the wavelength A of the

incident light increases.

Recall Snell's Law: The angle of refraction depends

on the angle of incidence and on the indexes of

refraction of the two media and is given by Snell's

Law of Refraction:

hrSiIl 0r=hzSifl0z

This means then that the angle of the transmitted light
is given by the inverse sin

0e = arcsin{n,1sin0r/ tl 2 }
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Take for example white light at an incident angle of

45o on Silicate Flint Glass with n r = 1.00 and (r z-|.57
depending on wavelength:

Wqtf.*larr,rri ir

*,*, *,.-".,*rarr*$

400 nm

(blue)

500 nm 600 nm 700 nm

(red)

tl 2 1.67 1,64 1.62 1.6

Oz 25.05 25.5 25.9 26.2

We see then that the colours of the incoming white

light are separated out by dispersion into distinct

angles 0 z with red light (700 nm) bent the least and

blue light (400 nm) bent the most:
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Prism

A beam of white light incident on a glass prism is

dispersed into its component colours.
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The index of refraction decreases as the wavelength

increases so that the longer wavelengths (red) are

bent less than the shorter wavelengths (blue). This

dispersion separates out the colours.
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Concave Mirror

When you study the reflection of light off a concave mirror

you realize that the mirror has the ability to focus light.

Foaau

PAL AXI6

Concave Mirror

The description of the optical properties of a concave mirror

was first studied during the time of Al Hazen in the 1 1th

century. .The mathematical description of the optical

properties of a concave mirror was discovered much later.
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A simple experiment allows you to determine the optical

properties of a concave mirror.

Begin by defining the distance of the object to the mirror as

do and the distance of the image (on the screen) from the

mirror as dt.

obleot

lnirnor

Begin by taking an object and reflecting its

screen such that do = di. Next change do :

change di to keep the image in focus.

image onto a

you find you must
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You discover that the sum of the inverse of do and d; is a

constant, and is characteristic of the mirror.

For a concave mirror we find that

It is possible to define the focal length (0 of the mirror by

1lt=1ldo +11d,

This equation is known as the Mirror Equation.

For a spherical mirror we find that the focal length is just

one-half of the radius of curvature of the mirror, namely

f = Tz (radius of curvature of the mirror)

do (metre) di (metre) lldo +1fdi
0.87 0.87 210.87=2.30

1.0 0.77 2.34

1.2 0.69 2.30

1.4 0.63 2.30
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Convex Lens

When you study the bending or refraction of light in a convex

lens you realize that the lens has the ability to focus light.

Convex Lens

Here too the description of the optical properties of a convex

lens was first studied during the time of Al Hazen in the 11th

century. The mathematical description of the optical

properties of a convex lens was discovered much later.
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A simple experiment allows you to determine the optical

properties of a convex lens.

ln a similar fashion to the mirror, begin by defining the

distance of the object to the lens as do and the distance of

the image (on the screen) from the lens as di.

Begin by taking an object and focusing its image onto a

screen such that do = di. Next change do : you find you must

change di to keep the image in focus.
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You discover that the sum of the inverse of do and di is a

constant, and is characteristic of the convex lens.

For a convex lens we find that

It is possible to define the focal length (f) of the lens by

1lt=1ldo +1ldi

This equation is known as the Lens Equation.

Notice that the lens equation and the mirror equation are

similar.

do (metre) di (metre) lldo +1ldi
0.6 0.4 4.17

0.50 0.46 4.17

0.4 0.60 4.17

0.345 0.8 4.17
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